(RECEIVED FOR PUBLICATION MARCH 18, 1953) The use of flame photometers has greatly simplified and expedited the estimation of sodium and potassium. Calcium is one of the elements which it is possible to determine by flame photometry, but little advantage has been taken of this fact in biological work for a number of reasons.
The concentration of calcium in extracellular fluids is usually less than that of potassium ; a given quantity of calcium in a coal gas-air or butane-air flame emits much less light than an equivalent quantity of potassium, and the emission is more readily interfered with by the presence of other ions than is that produced by either sodium or potassium. Flame photometers differ in the extent to which effects of interference are observed, but the commercial model marketed by the Evans Electroselenium Company* is singularly free from this trouble when sodium or potassium has to be estimated in a biological fluid. The same statement, unfortunately, cannot be made in the case of calcium. The interference filter supplied for calcium estimations with the EEL flame photometer gives no reading at all for sodium if it is present in concentrations not greatly in excess of the calcium present, but in normal serum there will be about 28 equivalents of sodium for one of calcium. In such a-case the amount of sodium light passing through the filter will be sufficient to cause a serious error in the calcium reading. Moreover, so little calcium is present in serum that the maximum dilution which will give a reasonable galvanometer deflection at normal levels is about one in four. With this concentration so much protein is present that there is a serious danger of blocking the jet.
The difficulty caused by clogging by protein can be avoided by precipitating the proteins as described in a method devised for use with an American instrument (Severinghaus and Ferrebee, 1950) . To overcome the difficulty of sodium interference the authors recommend the use of * The scale referred to in this paper in Table I Sendroy, 1929) , colorimetrically , or. more usually, volumetrically (Kramer and Tisdall, 1921 ; Clark and Collip, 1925: Shohl and Pedley, 1922 (Sandell, 1944) , and the end-point of the titration is extremely critical. A difference of 0.1 ml. of 0.01 N permanganate, which does not make a very marked difference in the colour of the titrated solution, makes a difference of 1 mg. per 100 ml. in the result. Precipitation as the picrolonate has been employed (Van Slyke and Kreysa, 1942; Cohn and Kolthoff, 1943) , but this necessitates ashing of the serum, precipitation, isolation of the precipitate, and its gasometric or colorimetric determination.
In the case of urine larger quantities can be used, and the permanganate titration therefore becomes less critical. As uric acid also titrates with permanganate, and may be precipitated simultaneously with calcium oxalate, it is usually necessary to adopt a lengthy procedure to destroy the uric acid (Shohl and Pedley, 1922 salts would seem to be better suited as buffers for flame photometry than sodium salts. Moreover, since there is a fairly wide range of pH which is satisfactory in the present case, the convenience of the buffer rather than precision or buffering power was felt to be the chief consideration. No buffers are normally added to serum, but if the precipitating agent was incorporated into the buffer the procedure for urine would then consist simply of adding the buffer to the urine and the same reagent could be used for sera. An ammonium oxalate-oxalic acid mixture of pH 5 was therefore chosen as being a sufficient buffer for the purpose, and one which made the determination of sodium and potassium possible on the supernatant from the calcium, a procedure of value when supplies of serum are limited.
Method
The determination of calcium in blood serum, cerebrospinal fluid, urine, bile, oedema fluid, etc., then F. J. N. POWELL becomes simply a matter of precipitating calcium as oxalate by means of an oxalic acid-ammonium oxalate mixture, centrifuging down the precipitate, and after decanting off the supernatant fluid, which may be used if necessary for the estimation of sodium and potassium, dissolving the precipitate in perchloric acid which is sufficiently concentrated to dissolve the precipitate but not sufficiently concentrated to lower the calcium reading. This solution is then sprayed into the flame photometer and its calcium content read. Rounded centrifuge tubes were found better than pointed ones, as they permitted more ready resolution of the precipitate. It was also found advantageous to have them graduated at 4 ml. The beakers supplied with the flame photometer were found rather too large for the quantities of fluid available, and similar beakers of the same height but about 5 ml. capacity were found more suitable. It was also found that heparinized blood plasma was not satisfactory unless the precipitation was carried out promptly after collection. Small The same procedure may be applied without change to urine, except that in cases where the urinary calcium level is expected to be high it may be advisable to use less than 2 ml.
Results
The recovery of calcium added to serum and urine and the results of some parallel volumetric and flame photometric estimations are shown in Table II . The method described accurately estimates calcium added to serum and urine. 
